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(57) ABSTRACT

A laser projector displays an image based on raster scanning
of a laser beam. The laser projector 1s capable of reliably
detecting the detlection angle of a vibratory mirror used for
horizontally scanning without the need for a light source
other than a laser light source for displaying images even 1f
the deflection angle 1s small, and also of accurately adjusting
the detlection angle of the vibratory mirror to a predetermined
deflection angle at the resonant frequency of the vibratory
mirror without exceeding the predetermined deflection angle.
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LASER PROJECTOR FOR PROJECTING AND
DISPLAYING AN IMAGE BASED ON THE
RASTER SCANNING OF A LASER BEAM

TECHNICAL FIELD

The present invention relates to a laser projector for pro-
jecting and displaying an image based on the raster scanning,
of a laser beam, and more particularly to a laser projector
having a deflection angle adjusting function for a vibratory
mirror for horizontally scanning a laser beam.

BACKGROUND ART

Some laser projectors for projecting and displaying an
image based on the raster scanning of a laser beam have a high
operating rate 1n the range from several tens kHz to 100 kHz
for horizontally scanning and a high deflection angle repre-
sented by an optical angle of £20° or greater. One approach
for performing a scanming process with such a high operating
rate and have a high detlection angle 1s to use a vibratory
mirror which operates near a resonant point thereof.

The vibratory mirror can have a high deflection angle 1n a
small operating frequency range near the resonant frequency
thereotf. However, 11 the operating frequency deviates from
the resonant frequency, then the deflection angle of the vibra-
tory mirror 1s extremely reduced. The resonant frequency
depends on the material, shape, temperature, etc. of the vibra-
tory mirror and tends to vary due to manufacturing variations
and the operating temperature. To operate the vibratory mir-
ror through a high detlection angle, therefore, it 1s necessary
to keep the resonant frequency and the operating frequency as
close to each other as possible. The vibratory mirror 1s thus
adjusted to either bring the resonant frequency thereot close
to the operating frequency or bring the operating frequency
close to the resonant frequency thereof.

As the deflection angle becomes greater, the vibratory mir-
ror 1s more likely to fail to operate. When the vibratory mirror
1s to operate through a high deflection angle, it 1s desirable to
control the vibratory mirror such that its deflection angle will
not exceed a prescribed deflection angle. When the vibratory
mirror operates with 1ts operating frequency deviating from
the resonant frequency, then since the 1ntensity of an input
signal needs to be higher than when the vibratory mirror
operates at the resonant frequency, a circuit for actuating the
vibratory mirror undergoes an increased load.

In order to adjust the deflection angle to operate the vibra-
tory mirror through a high deflection angle, it 1s desirable that
the deflection angle of the vibratory mirror not exceed a
predetermined detlection angle and that the vibratory mirror
operate at the resonant frequency.

In order to adjust the deflection angle of the vibratory
mirror, it 1s necessary to accurately detect the detlection angle
of the vibratory mirror. According to a widely performed
process of detecting the deflection angle of the vibratory
mirror, a light sensor 1s used to detect the detlection angle of
the vibratory mirror based on the timing at which a light beam
passes through the light sensor.

For example, JP-A No. 2004-053943 (Patent document 1)
discloses a technique wherein synchronism sensors are dis-
posed respectively at the start and end points of the scanning,
stroke of the laser beam for detecting the deflection angle of
a vibratory mirror, and the drive frequency of the vibratory
mirror 1s corrected based on the detected results. A process of
detecting and adjusting the deflection angle of the vibratory
mirror as disclosed in Patent document 1 will be described
below with reference to FIG. 1. FIG. 1(a) 1s a block diagram
of a system for controlling a semiconductor laser and a mov-
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2

able mirror as disclosed 1n Patent document 1, and FIG. 1(5)
1s a timing chart of the amplitude of the movable mirror and
drive pulses.

In FIG. 1(a), the reference numeral 901 represents drive
pulse generator, 902 the movable mirror driver, 904 the syn-

chronism detecting sensor, 903 the end detecting sensor, 906
the LD drniver, 907 the clock pulse generator, 908 the phase

synchronizer, 909 the magnification calculator, and 910 the
amplitude calculator.

Drive pulse generator 901 frequency-divides a reference
clock with a programmable frequency divider (not shown), to
generate a pulse train (1<1,/4) having a frequency which 1s
twice drive frequency td (=1/T,) and a duty ratio ot 50% or
lower such that voltage pulses will be applied, one 1 a 12
pertod of a movable mirror, only during a period from a
maximum amplitude level to a horizontal orientation, as
shown in FIG. 1(b). Drive pulse generator 901 then delays the
pulse train by phase delay ¢ with a PLL circuit, and applies the
pulse train at drive frequency 1d to movable mirror driver 902.

When the system 1s turned on or when the system 1s acti-
vated from a standby mode, the frequency-dividing ratio 1s
continuously changed by the programmable frequency
divider to vary drive frequency 1d from a high frequency value
and to drive the movable mirror at varying drive frequency 1d.
When the scanning angle 1s increased until the light beam 1s
detected by synchronism detecting sensor 904, the system
judges that the movable mirror operates in a resonant vibra-
tion band. At the same time, the system calculates a scanning
angle based on the time difference between the start and end
points of the scanning stroke, and sets the drive frequency
such that the deflection angle (amplitude) of the movable
mirror will be of a predetermined angle.

Japanese utility model No. 2524140 (Patent document 2)
discloses a laser beam scanning device for scanning a laser
beam wherein a scanning mirror 1s irradiated with an 1rradi-
ating light beam at an incident angle which 1s different from
the laser beam, and a line sensor 1s provided as photodetector
means for detecting the wrradiating light beam retlected from
the scanning mirror. The line sensor detects the deflection
angle of the scanning mirror, and the laser beam scanning
device corrects the deflection angle of the scanning mirror
beyond standard deviation.

FIG. 2 1s a perspective view of the laser beam scanning
device disclosed 1n Patent document 2. A process of detecting
the deflection angle of the vibratory mirror as disclosed in
Patent document 2 will be described below with reference to
FIG. 2.

As shown 1in FIG. 2, main laser beam 210 from a laser
oscillator (Nd: YAG laser oscillator or the like, not shown) 1s
focused onto specimen surface 205 by mirror 203, scanning
mirror 202 of galvanometer-type optical scanner (heremafter
referred to as “scanner”) 201, and 10 lens 204, and 1s posi-
tioned by scanning mirror 202 as it 1s turned.

Main laser beam 210 1s applied to scanning mirror 202 at an
incident angle of 45° and folded by scanning mirror 202
through 95°, 1.e., directed to 10 lens 204 at an exit angle of
135°.

Laser beam 211 emitted from semiconductor laser 206 1s
converted by collimator lens 207 into a parallel beam, which
1s applied to scanning mirror 202. The parallel beam 1s
applied to scanning mirror 202 at an 1incident angle different
from main laser beam 210, and 1s reflected from scanning
mirror 202 at an angle different from the exist angle of main
laser beam 210. The reflected laser beam 1s focused onto line
sensor 209 by cylindrical lens 208.

When the detlection angle having a maximum amplitude of
scanner 201 1s changed due to the heating of scanner 201 itselt
during its operation, the focused position on line sensor 209
of laser beam 211 emitted from semiconductor laser 206 and
reflected by scanning mirror 202 1s also changed, resulting in
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a change 1n the positional information from line sensor 209. A
signal for driving scanner 201 is corrected based on the posi-
tional information to position main laser beam 210 accu-

rately.
Patent document 3 (JP-A No. 2005-241482) discloses a

method of detecting the resonant frequency of a vibratory
mirror mounted in a laser display device.

FIG. 3 1s a perspective view schematically showing the
laser display device disclosed in Patent document 3. The
method of detecting the resonant frequency of the vibratory
mirror mounted in the laser display device disclosed in Patent
document 3 will be described below with reference to FIG. 3.

FIG. 3 shows photodetector (line sensor) 301, light source
401, deflecting means 402, emitted light beam 403, detlected

light beams 404, 4035, scanning line 410, second detlecting
means 411, deflected light beam 412, shield 413, scanning
area 414, scanning line path 415, and projection plane 420. In
the laser display device shown 1n FIG. 3, emitted light beam
403 from light source 401, which 1s a laser, 1s two-dimension-
ally deflected by deflecting means 402 and second deflecting
means 411 to display an image on projection plane 420.

FI1G. 4(a) 1s a schematic diagram showing the manner in
which the deflected light beam moves back and forth on
photodetector 301 shown 1n FIG. 3, and FIG. 4(b) 1s a sche-
matic diagram showing the manner in which the deflected
light beam 1s detlected through a different deflection angle.
As shown 1 FIG. 4, photodetector 301 as a line sensor 1s
divided into a plurality of light detecting areas 302 that are
successively numbered from the leftmost light detecting area
“1” nghtwardly up to “N”’. Reference numeral 303 represents
an area scanned by the deflected light beam.

When the power supply of the laser display device 1s turned
on, 1t starts a control process to fully energize light source
401. Then, the frequency of a signal applied to detlecting
means 402 1s set to a preset startup frequency, and the folding
position of the deflected light beam at the frequency is
detected by photodetector 301. Thereafter, the frequency 1s
changed by preset steps. The frequency 1s changed and the
folding position 1s detected repeatedly until a preset end fre-
quency 1s reached.

It1s assumed that when the folding position of the deflected
light beam 1s 1n the leftmost light detecting area, then the
folding position 1s detected as “1” (see FIG. 4(a)), and the
folding position of the deflected light beam 1s 1n a pth area
counted from the leftmost light detecting area, then the fold-
ing position 1s detected as “p” (see FIG. 4(p)). When the
tolding position goes beyond photodetector 301, 1.¢., when 1t
1s positioned rightwardly of photodetector 301, the folding
position 1s detected as “N+1. Conversely, when the folding
position falls short of photodetector 301, the folding position
1s detected as “0”. The deflecting state of deflecting means
402 can be detected by thus detecting the folding positions on
and near photodetector 301.

The relationship between frequencies of the signal applied
to photodetector 402 and folding positions of the detlected
light beam detected by photodetector 301 1s shown as a graph
in FIG. 5. Plotted points 1n the graph are in a substantially
axisymmetric pattern, and the frequency at the axis of sym-
metry 1s calculated as resonant frequency ic. The frequency of
a signal to be applied to photodetector 402 1s determined
based on the calculated frequency.

Patent document 1: JP-A No. 2004-053943
Patent document 2: Japanese utility model No. 2524140
Patent document 3: JP-A No. 2005-241482

DISCLOSURE OF THE INVENTION

Problems to be Solved by the Invention

However, the background art described above suflers the
tollowing problems:
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According to the process of detecting the deflection angle
of the vibratory mirror as disclosed in Patent document 1, 1f
the operating frequency of the vibratory mirror 1s not the same
as the resonant frequency, then the intensity of the input signal
at the operating frequency has to be higher than 11 the vibra-
tory mirror 1s operated at the resonant frequency, resulting in
the problem of more power consumption. The reason 1s that

the 1ntensity of the mput signal 1s preset to a hugh level to
adjust the operating frequency so that the vibratory mirror
will have a predetermined deflection angle by varying the

operating frequency. This 1s because the intensity of the input
signal needs to be high in order to equalize the interval
scanned by the laser beam by at least the distance between the
synchronism detecting sensor and the end detecting sensor.

The process of detecting the deflection angle of the vibra-
tory mirror as disclosed 1n Patent document 2 1s also prob-
lematic 1n that the number of parts used 1s too large to make
the laser beam scanning device smaller 1n size and lower 1n
cost. The reason 1s that the light source for detecting the
deflection angle of the vibratory mirror has to be prepared
separate by from the laser beam used to display images.

The method of detecting the resonant frequency of the
vibratory mirror mounted in the laser projector device and the
method of adjusting the operating frequency as disclosed 1n
Patent document 3 are disadvantageous in that the deflecting
interval of the laser beam cannot be adjusted accurately and 1t
1s difficult to adjust the resonant frequency of the vibratory
mirror to a proper value 1n a short time when the resonant
frequency 1s changed after the laser projector device has
started to project images. One reason for this 1s that since the
photodetector 1s disposed 1n a somewhat small area within the
range of the deflection interval of the laser beam to be
adjusted, 1t 1s difficult to obtain accurate information of the
laser beam near the ends of the deflection interval of the laser
beam to be adjusted, particularly accurate information as to
the folding position of the deflected scanming light beam.
According to another reason, 1t 1s necessary to change the
drive frequency over a wide frequency range 1n order to detect
the resonant frequency.

Furthermore, inasmuch as the laser beam has a high energy
density level and hence 1s detrimental to the human body, 1n
particular 1t tends to cause damage to the eyes, the laser beam
needs to be projected while 1t 1s scanning properly. If the laser
beam fails to scan properly due to a failure of the scanning
mirror, then it 1s desirable to have a structure that 1s capable of
instantaneously blocking the projection of the laser beam.
However, the background art described above 1s not
addressed to the above safety problem.

The present invention has been made 1n view of the above
problems. It 1s an object of the present invention to provide a
laser projector for displaying an image based on the raster
scanning of a laser beam, 1n which the laser projector 1s
capable of reliably detecting the deflection angle of a vibra-
tory mirror used for horizontally scanning without the need
for a light source other than a laser light source for displaying
images even 1f the deflection angle 1s small, and also of
accurately adjusting the deflection angle of the vibratory mir-
ror to a predetermined detlection angle at the resonant fre-
quency of the vibratory mirror without exceeding the prede-
termined deflection angle.

Means for Solving the Problems

A laser projector according to the present invention coms-
prises a light source for emitting a laser beam, a modulator for
modulating the intensity of the laser beam depending on an
image to be projected, a vibratory mirror vibratable for hori-
zontally deflecting the laser beam whose intensity has been
modulated, a vertical scanning mirror for vertically deflecting,
the laser beam whose mtensity has been modulated, a deflec-
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tion angle detector for detecting a deflection angle of the
vibratory mirror, and a deflection angle adjuster for adjusting
the deflection angle of the vibratory mirror based on the
detected deflection angle of the vibratory mirror, wherein the
deflection angle detector includes a light detecting element
array comprising a plurality of light detecting elements
arrayed parallel to a horizontally scanning direction along
which the laser beam 1s deflected by the vibratory mirror, the
light detecting element array being disposed outside of an
image projection area and disposed 1n a wide range including
a horizontal scanming range of the laser beam.

The light detecting elements of the light detecting element
array may not be arrayed at equally spaced intervals.

The light detecting elements of the light detecting element
array should preferably be denser at the ends of the light
detecting element array than at the center thereof.

The light detecting element array may comprise a semi-
conductor layer disposed on a transparent substrate.

The deflection angle adjuster may adjust the frequency and
intensity of a drive signal for the vibratory mirror.

The detlection angle adjuster should preterably adjust the
deflection angle of the vibratory mirror by bringing the fre-
quency of the drive signal for the vibratory mirror into con-
formity with the resonant frequency of the vibratory mirror
and therealiter by varying the intensity of the drive signal for
the vibratory mirror.

When the deflection angle of the vibratory mirror 1s
adjusted, the vertical scanning mirror may be fixed 1n orien-
tation to cause the laser beam to horizontally scan the light
detecting element array.

The deflection angle of the vibratory mirror should prefer-
ably be detected and adjusted by the deflection angle adjuster
for each vertical blanking period.

A laser projector according to the present invention com-
prises a light source for emitting a laser beam, a modulator for
modulating the intensity of the laser beam depending on an
image to be projected, a vibratory mirror vibratable for hori-
zontally deflecting the laser beam whose intensity has been
modulated, a vertical scanning mirror for vertically detlecting,
the laser beam whose intensity has been modulated, a first
deflection angle detector for detecting a deflection angle of
the vibratory mirror, a first deflection angle adjuster for
adjusting the detlection angle of the vibratory mirror based on
the detected deflection angle of the vibratory mirror, a second
deflection angle detector for detecting a deflection angle of
the vertical scanning mirror, and a second deflection angle
adjuster for adjusting the detlection angle of the vertical scan-
ning mirror based on the detected deflection angle of the
vertical scanning mirror, wherein the first deflection angle
detector includes a first light detecting element array com-
prising a plurality of light detecting elements arrayed parallel
to a horizontally scanning direction along which the laser
beam 1s detlected by the vibratory mirror, the first light detect-
ing element array being disposed outside of an 1mage projec-
tion area and disposed 1n a wide range including a horizontal
scanning range of the laser beam, and wherein the second
deflection angle detector includes a plurality of light detect-
ing elements disposed outside of the 1mage projection area
and disposed so as to cover a terminal end of a vertical
scanning stroke of the laser beam.

The first light detecting element array of the first deflection
angle adjuster and the light detecting elements of the second
deflection angle adjuster should preferably comprise respec-
tive semiconductor layers disposed on one transparent sub-
strate.

The first deflection angle detector should preferably
include a second light detecting element array 1n addition to
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the first light detecting element array, the second light detect-
ing element array being disposed outside of the image pro-
jection area and comprising a semiconductor layer disposed
along an end of a horizontal scanning stroke of the laser beam
and disposed on the transparent substrate.

A metal film deposited on the transparent substrate may be
ctched to form a projection opening therein for enabling the
laser beam to pass therethrough.

According to the present invention, the light detecting ele-
ment array for detecting and adjusting the deflection angle of
the vibratory mirror for horizontal scanning 1s disposed par-
allel to the horizontal scanning direction of the laser beam and
disposed 1n a range wider than the range of the detlection
angle of the laser beam to be adjusted. According to the
present invention, the laser projector 1s capable of detecting
the detlection angle of the vibratory mirror for horizontal
scanning even 11 1t 1s small, without the need for a light source
for detecting the deflection angle of the vibratory muirror,
other than the laser light source used for displaying images.
When the operating frequency of the vibratory mirror is
adjusted to the resonant frequency thereot, the vibratory mir-
ror 1s prevented from being broken due to being overdriven. I
the prescribed deflection angle 1s not achueved, then no laser
beam 1s projected from the laser projector. Accordingly, the
laser projector 1s kept safe.

The light detecting elements for detecting the deflection
angle of the vertical scanning mirror and the light detecting
clements for detecting the detlection angle of the horizontal
scanning vibratory mirror at the time that images are pro-
jected are fabricated on one component, €.g., a transparent
substrate, 1n addition to the light detecting element array for
detecting the deflection angle of the vibratory mirror. The
deflection angle of the vertical scanning mirror and the
deflection angle of the vibratory mirror at the time that images
are projected can be detected without the need for an
increased number of parts. When the deflection angle fails to
be kept 1n a prescribed range under abnormal conditions, the
laser projector 1s kept safe by instantaneously cutting oif the
laser beam.

Even after an image has started to be projected, the detlec-
tion angle of the vibratory mirror 1s detected and corrected for
cach interframe interval. Accordingly, the laser projector can
keep projecting images with a stable detlection interval.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1(a) 1s a block diagram of a system for controlling a
semiconductor laser and a movable mirror as disclosed 1n
Patent document 1;

FIG. 1(b) 1s a timing chart of the amplitude of the movable
mirror and drive pulses;

FIG. 2 1s a perspective view of a laser beam scanning
device disclosed 1n Patent document 2;

FIG. 3 1s a perspective view schematically showing a laser
display device disclosed 1n Patent document 3;

FIG. 4(a) 1s a schematic diagram showing the manner in
which a deflected light beam moves back and forth on a
photodetector shown 1n FIG. 3;

FIG. 4(b) 1s a schematic diagram showing the manner in
which the deflected light beam 1s detlected through a different
deflection angle;

FIG. 5 1s a graph showing the relationship between {re-
quencies of a signal applied to a photodetector and folding
positions of the detlected light beam detected by the photo-
detector 1n the laser display device shown in FIG. 3;
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FIG. 6 1s a perspective view showing the structure of a laser
projector according to a first exemplary embodiment of the
present invention;

FIG. 7 1s a plan view of a projection opening frame of the
laser projector shown 1n FIG. 6, as viewed from within the
laser projector;

FIG. 8 1s a schematic diagram showing connections
between a light detecting element array shown 1n FIG. 7 and
an external circuit;

FIG. 9 1s a block diagram of a system for controlling
operation of the laser projector shown 1n FIG. 6;

FI1G. 10 1s a perspective view showing another configura-
tional example according to the first exemplary embodiment
of the present invention;

FIG. 11 1s a plan view of a projection opening frame of a
laser projector according to a second exemplary embodiment
of the present invention, as viewed from within the laser
projector;

FIG. 12 1s a plan view of a projection opening {frame of a
laser projector according to a third exemplary embodiment of
the present invention, as viewed from within the laser projec-
tor;

FIG. 13 1s a perspective view showing another configura-
tional example according to the third exemplary embodiment
of the present invention;

FI1G. 14 15 a plan view of a projection opening frame of a
laser projector according to a fourth exemplary embodiment
of the present invention, as viewed from within the laser
projector; and

FIG. 15 15 a plan view of a projection opening frame of a
laser projector according to a fifth exemplary embodiment of
the present invention, as viewed from within the laser projec-
tor.

DESCRIPTION OF REFERENCE NUMERALS

semiconductor laser

condensing lens

modulator

collimator lens

horizontal scanning mirror
vertical scanning mirror

frame

light detecting element array
PIN photodiode

vertical scanning light detecting element
36: horizontal scanning light detecting element
FPC

projection opening

scanning area

projecting area

control circuit

laser driver

video signal processing circuit
horizontal scanning mirror driver
55: vertical scanning mirror driver
56: deflection angle detecting circuit
111: semiconductor laser

112: condensing lens

113: modulator

114: collimator lens

115: dichroic mirror

11:
12:
13:
14:
21:
22:
30:
32:
33:
34:
35,
26:
40):
41:
42:
S51:
S52:
53:
54:

BEST MODE FOR CARRYING OUT TH.
INVENTION

(L]

Exemplary embodiments of the present invention will be
described in detail below with reference to the accompanying
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drawings. FIG. 6 1s a perspective view showing the structure
of a laser projector according to a first exemplary embodi-
ment of the present invention. FIG. 7 1s a plan view of a
projection opening frame of the laser projector shown 1n FIG.
6, as viewed from within the laser projector.

As shown 1n FIG. 6, the laser projector according to the
present exemplary embodiment comprises semiconductor
laser 11 as a laser light source, condensing lens 12 for con-
densing a laser beam emitted from semiconductor laser 11,
modulator 13 for being supplied with the laser beam con-
densed by condensing lens 12, and for modulating the inten-
sity of the laser beam, and outputting the modulated laser
beam, collimator lens 14 for converting the laser beam output
from modulator 13 into a parallel laser beam, horizontal
scanning mirror 21 comprising a vibratory mirror for recerv-
ing the parallel laser beam from collimator lens 14 and hori-
zontally deflecting the parallel laser beam, and vertical scan-
ning mirror 22 comprising a linear scanning mirror for
vertically deflecting the horizontally deflected laser beam.

Within an area that 1s two-dimensionally scanned by the
laser beam, modulator 13 controls the intensity of the laser
beam representative of an 1image to be projected for thereby
displaying an 1mage on projecting area 42 through projecting
opening 40. Horizontal scanning mirror 21, which 1s the
vibratory mirror, deflects the laser beam reciprocally horizon-
tally. When the frequency of the drive signal for horizontal
scanning mirror 21 1s brought into conformity with the inher-
ent resonant frequency of horizontal scanning mirror 21, hori-
zontal scanning mirror 21 can be detlected through a greater
interval.

As shown in FIGS. 6 and 7, the laser projector according to
the present exemplary embodiment 1s housed 1n frame 30
made of aluminum, for example. Frame 30 has projection
opening 40 defined 1n a side wall thereof for emitting the laser
beam from within the laser projector out of the laser projector.
The laser beam scans scanning area 41 including projection
opening 40. Projection opening 40 1s of a rectangular shape,
for example. Transparent substrate 31 made of glass, for
example, 1s disposed along an upper edge of projection open-
ing 40 1in frame 30. An array of PIN photodiodes 33 each
including a semiconductor layer 1n the form of an amorphous
s1licon film 1s disposed on transparent substrate 31. The array
of PIN photodiodes 33 1s patterned as light detecting element
array 32 parallel to the horizontal scanning direction of the
laser beam.

FIG. 8 1s a schematic diagram showing connections
between the light detecting element array shown in FIG. 7 and
an external circuit. As shown 1n FIG. 8, photodiodes 33 of
light detecting element array 32 have respective anodes con-
nected as a common electrode and respective cathodes inde-
pendently connected through FPC (Flexible Printed Circuit)
36 to detlection angle detecting circuit 56.

FIG. 9 1s a block diagram of a system for controlling
operation of the laser projector shown 1n FIG. 6. As shown 1in
FIG. 9, deflection angle detecting circuit 56 detects the
deflection angle of horizontal scanning mirror 21 from infor-
mation output by light detecting element array 32. Control
circuit 51 acquires deflection angle information of horizontal
scanning mirror 21 from deflection angle detecting circuit 56,
and controls laser driver 52, video signal processing circuit
53, horizontal scanning mirror driver 54, and vertical scan-
ning mirror driver 35. Laser driver 52 selectively turns on and
ofl the laser beam output from semiconductor laser 11, and
controls the laser beam to be output at a constant output level.
Video signal processing circuit 33 inputs a signal to modula-
tor 13 which controls the intensity of the laser beam to be
output to horizontal scanning mirror 21. Horizontal scanning
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mirror driver 54 controls the frequency and intensity of a
signal to be input to horizontal scanning mirror 21. Vertical
scanning mirror driver 35 controls the intensity of a signal to
be 1nput to vertical scanning mirror 22.

Operation of the laser projector thus constructed according
to the present exemplary embodiment will be described
below. When the laser projector starts up, 1t is set to cause the
laser beam to scan light detecting element array 32, as fol-
lows: The output signal from vertical scanning mirror driver
535 1s controlled to fix the orientation of vertical scanning
mirror 22 so as to cause the laser beam to scan light detecting,
clement array 32.

Then, horizontal scanning mirror driver 54 starts the scan-
ning movement of horizontal scanning mirror 21 with a signal
intensity for preventing the deflection angle from exceeding
the predetermined deflection angle even when the operating
frequency of horizontal scanning mirror 21 and the resonant
frequency thereol are brought into conformity with each
other by horizontal scanning mirror driver 54. Laser driver 52
controls semiconductor laser 11 to start outputting the laser
beam, and deflection angle detecting circuit 56 detects the
deflection angle of horizontal scanning mirror 21 based on
boundary mformation, from the output signal of light detect-
ing element array 32, as to the boundary between an element
which detects the laser beam and an element which does not
defect the laser beam. While detecting the deflection angle of
horizontal scanning mirror 21, the frequency of the dnive
signal input from horizontal scanning mirror driver 34 to
horizontal scanning mirror 21 1s changed. The drive fre-
quency 1s adjusted to maximize the deflection angle of hori-
zontal scanning mirror 21, thereby bringing the operating
frequency 1nto conformity with the resonant frequency.

Furthermore, while detecting the detlection angle of hori-
zontal scanning mirror 21, the intensity of the drive signal
input from horizontal scanning mirror driver 54 to horizontal
scanning mirror 21 1s increased. The deflection angle of hori-
zontal scanning mirror 21 1s adjusted to a prescribed detlec-
tion angle. I the deflection angle cannot be adjusted to the
prescribed deflection angle, then laser driver 32 controls
semiconductor laser 11 to stop emitting the laser beam.

After the deflection angle of horizontal scanning mirror 21
has been adjusted to the prescribed deflection angle, the phase
difference between the signal input from horizontal scanning
mirror driver 54 to horizontal scanning mirror 21 and the
vibration of horizontal scanning mirror 21 1s measured from
the timing of the laser beam 1ntensity modulation by modu-
lator 13 and the output information of each detecting element
of light detecting element array 32.

Thereafter, vertical scanning mirror 22 starts 1ts scanning,
movement based on the vibration of horizontal scanning mir-
ror 21, and video signal processing circuit 33 controls modu-
lator 13 to modulate the intensity of the laser beam depending
on the 1image to be projected. After the image has started to be
projected, during the period after one frame of an 1mage 1s
displayed until the next frame of an 1image 1s displayed, the
orientation of vertical scanning mirror 22 1s fixed to cause the
laser beam to scan light detecting element array 32, and the
deflection angle of horizontal scanning mirror 21 1s detected.
I1 the deflection angle of horizontal scanning mirror 21 devi-
ates from the prescribed value, then the drive signal from
horizontal scanning mirror driver 54 1s adjusted to adjust the
deflection angle to the prescribed deflection angle. At this
time, 1 the detlection angle cannot be adjusted to the pre-
scribed deflection angle, laser driver 52 stops emitting the
laser beam from semiconductor laser 11.

The laser projector according to the present exemplary
embodiment 1s capable of detecting the detlection angle of
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horizontal scanning mirror 21 even if 1t 1s small, without the
need for a light source for detecting the deflection angle of
horizontal scanming mirror 21 in the form of a vibratory
mirror, other than semiconductor laser 11 used for displaying
images. When the detlection angle 1s adjusted at the time the
laser projector starts to operate, 1.e., when the operating fre-
quency of horizontal scanning mirror 21 1s adjusted to the
resonant frequency thereot, since the deflection angle does
not exceed the prescribed detlection angle, horizontal scan-
ning mirror 21 1s prevented from being broken due to being
overdriven. As the deflection angle of horizontal scanning
mirror 21 1s detected and adjusted each time a frame 1s dis-
played, a stable scanning interval 1s achieved. If the deflection
angle of horizontal scanning mirror 21 1s not adjusted to the
normal deflection angle, then no laser beam 1s projected from
the laser projector. Accordingly, the laser projector 1s kept
safe.

In the above exemplary embodiment, the laser projector
employs a single semiconductor laser as a laser light source.
However, as shown in FI1G. 10, alaser projector may comprise
a plurality of semiconductor lasers 111 as light sources hav-
ing different wavelengths, each of semiconductor lasers 111
being associated with condensing lens 112, modulator 113,
and collimator lens 114. In FIG. 10, laser beams are propa-
gated through respective paths and converted into parallel
laser beams, which are combined by dichroic mirrors 115 into
a laser beam that 1s deflected by horizontal scanning mirror 21
and vertical scanning mirror 22 to scan projection plane 42
two-dimensionally for projecting an image. Other structural
details shown 1n FIG. 10 are 1dentical to those shown 1n FIG.
6. The identical parts are denoted by 1dentical reference
numerals and will not be described 1n detail below.

A laser projector according to a second exemplary embodi-
ment of the present invention will be described below. FI1G. 11
1s a plan view of a projection opening {frame of the laser
projector according to the second exemplary embodiment, as
viewed from within the laser projector.

The present exemplary embodiment 1s different from the
first exemplary embodiment in that the light detecting ele-
ments of the light detecting element array patterned on the
transparent substrate are denser near positions where the
deflection angle of the horizontal scanning mirror 1s the pre-
scribed deflection angle.

As shown 1n FIG. 11, frame 30 of the laser projector has
projection opening 30 defined therein for enabling the laser
beam to pass therethrough. The laser beam scans scanning
area 41 including projection opening 40. Projection opening
40 15 of a rectangular shape, for example. Transparent sub-
strate 31 made of glass, for example, 1s disposed along an
upper edge of projection opening 40 1n frame 30. An array of
PIN photodiodes 33 each including a semiconductor layer 1n
the form of an amorphous silicon film 1s disposed on trans-
parent substrate 31. The array of PIN photodiodes 33 1s pat-
terned as light detecting element array 32 parallel to the
horizontal scanning direction of the laser beam. According to
the present exemplary embodiment, the detecting elements
are denser at the ends of the array than at the center thereof.

Operation of the laser projector according to the second
exemplary embodiment will be described below. When the
laser projector starts up, 1t 1s set to cause the laser beam to scan
light detecting element array 32. Specifically, the output sig-
nal from vertical scanning mirror driver 35 1s controlled to fix
the orientation of vertical scanning mirror 22 so as to cause
the laser beam to scan light detecting element array 32.

Then, horizontal scanning mirror driver 54 starts the scan-
ning movement of horizontal scanning mirror 21 with a signal
intensity for preventing the detlection angle from exceeding
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the predetermined deflection angle even when the operating,
frequency of horizontal scanning mirror 21 and the resonant
frequency thereol are brought ito conformity with each
other by horizontal scanning mirror driver 54. Laser driver 52
controls semiconductor laser 11 to start outputting the laser
beam, and deflection angle detecting circuit 56 detects the
deflection angle of horizontal scanning mirror 21 based on
boundary information, from the output signal of light detect-
ing element array 32, as to the boundary between an element
which detects the laser beam and an element which does not
defect the laser beam. While detecting the deflection angle of
horizontal scanning mirror 21, the frequency of the dnive
signal mput from horizontal scanning mirror driver 54 to
horizontal scanning mirror 21 1s changed. The drive 1fre-
quency 1s adjusted to maximize the deflection angle of hori-
zontal scanning mirror 21, thereby bringing the operating
frequency 1nto conformity with the resonant frequency.

Furthermore, while detecting the deflection angle of hori-
zontal scanning mirror 21, the intensity of the drive signal
input from horizontal scanning mirror driver 54 to horizontal
scanning mirror 21 1s increased. The deflection angle of hori-
zontal scanning mirror 21 1s adjusted to a prescribed detlec-
tion angle. I the deflection angle cannot be adjusted to the
prescribed deflection angle, then laser driver 32 controls
semiconductor laser 11 to stop emitting the laser beam.

After the deflection angle of horizontal scanning mirror 21
has been adjusted to the prescribed deflection angle, the phase
difference between the signal input from horizontal scanning
mirror driver 34 to horizontal scanning mirror 21 and the
vibration of horizontal scanning mirror 21 1s measured from
the timing of the laser beam 1ntensity modulation by modu-
lator 13 and the output information of each detecting element
of light detecting element array 32.

Thereafter, vertical scanning mirror 22 starts 1ts scanning,
movement based on the vibration of horizontal scanning mir-
ror 21, and video signal processing circuit 33 controls modu-
lator 13 to modulate the intensity of the laser beam depending
on the 1image to be projected. After the image has started to be
projected, during the period after one frame of an 1mage 1s
displayed until the next frame of an 1image 1s displayed, the
orientation of vertical scanning mirror 22 1s fixed to cause the
laser beam to scan the light detecting element array, and the
deflection angle of horizontal scanning mirror 21 1s detected.
I1 the deflection angle of horizontal scanning mirror 21 devi-
ates from the prescribed value, then the drive signal from
horizontal scanning mirror driver 54 1s adjusted to adjust the
deflection angle to the prescribed deflection angle. At this
time, 1 the detlection angle cannot be adjusted to the pre-
scribed deflection angle, laser driver 52 stops emitting the
laser beam from semiconductor laser 11.

The laser projector according to the present exemplary
embodiment has the same advantages as the first exemplary
embodiment, and 1s additionally capable of detecting the
deflection angle of horizontal scanning mirror 21 with
increased accuracy. This 1s because the folding positions of
the laser beam 1n the horizontal reciprocating scanning pro-
cess can be detected accurately by the light detecting ele-
ments that are disposed 1n a denser layout.

A laser projector according to a third exemplary embodi-
ment of the present invention will be described below. FI1G. 12
1s a plan view of a projection opening {frame of the laser
projector according to the third exemplary embodiment, as
viewed from within the laser projector. The present exem-
plary embodiment 1s different from the second exemplary
embodiment 1n that a transparent substrate 1s disposed 1n
surrounding relation to an area scanned by the laser beam and
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in that light detecting elements for vertically scanning are
patterned at a vertical scanning terminal end.

According to the present exemplary embodiment, as
shown 1n FIG. 12, frame 30 of the laser projector has projec-
tion opening 30 defined therein for enabling the laser beam to
pass therethrough. The laser beam scans scanning area 41
including projection opening 40. Transparent substrate 31 1s
disposed in surrounding relation to scanning area 41 scanned
by the laser beam. An array of PIN photodiodes 1s disposed as
light detecting element array 32 on transparent substrate 31
along an upper edge of projection opening 40 1n frame 30
parallel to the horizontal scanning direction of the laser beam.
PIN diodes are also disposed as light detecting elements 34 1n
a vertical scanning direction of the laser beam. Specifically, a
plurality of (three 1n the illustrated embodiment) light detect-
ing elements 34 are disposed along the vertical scanning
direction of the laser beam centrally on a lower edge of
projection opening 40 1n transparent substrate 31. Light
detecting elements 34 are positioned to detect the terminal
end of the vertical scanning stroke of the laser beam.

A system for controlling operation of the laser projector
will be described below with reference to FIG. 9. Detlection
angle detecting circuit 56 detects the detlection angle of hori-
zontal scanning mirror 21 from information output by light
detecting element array 32, and also detects the detlection
angle 1n the vertical scanning direction from information
output by light detecting elements 34. Control circuit 51
acquires deflection angle information of horizontal scanning
mirror 21 and deflection angle information of vertical scan-
ning mirror 22 from detlection angle detecting circuit 56, and
controls laser driver 52, video signal processing circuit 53,
horizontal scanning mirror driver 34, and vertical scanning
mirror driver 55. Laser driver 352 selectively turns on and off
the laser beam output from semiconductor laser 11, and con-
trols the laser beam so that 1t 1s output at a constant output
level. Video signal processing circuit 33 inputs a signal to
modulator 13 which controls the intensity of the laser beam
that 1s to be output to horizontal scanning mirror 21. Hori-
zontal scanning mirror driver 54 controls the frequency and
intensity of a signal to be input to horizontal scanning mirror
21. Vertical scanning mirror driver 55 controls the intensity of
a signal that 1s to be mput to vertical scanning mirror 22.

Operation of the laser projector according to the present
exemplary embodiment will be described below. When the
laser projector starts up, 1t 1s set to cause the laser beam to scan
light detecting element array 32. Specifically, the output sig-
nal from vertical scanning mirror driver 35 1s controlled to fix
the orientation of vertical scanning mirror 22 so as to cause
the laser beam to scan light detecting element array 32.

Then, horizontal scanning mirror driver 54 starts the scan-
ning movement ol horizontal scanning mirror 21 using a
signal intensity to prevent the detlection angle from exceed-
ing the predetermined deflection angle even when the oper-
ating frequency of horizontal scanning mirror 21 and the
resonant frequency thereof are brought into conformity with
cach other by horizontal scanning mirror driver 54. Laser
driver 52 controls semiconductor laser 11 to start outputting
the laser beam, and deflection angle detecting circuit 56
detects the deflection angle of horizontal scanning mirror 21
based on boundary information, from the output signal of
light detecting element array 32, as to the boundary between
an element which detects the laser beam and an element
which does not defect the laser beam. While detecting the
deflection angle of horizontal scanning mirror 21, the fre-
quency of the drive signal mput from horizontal scanning
mirror driver 54 to horizontal scanning mirror 21 1s changed.
The drive frequency 1s adjusted to maximize the detlection
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angle of horizontal scanning mirror 21, thereby bringing the
operating frequency into conformity with the resonant fre-
quency.

Furthermore, while detecting the deflection angle of hori-
zontal scanning mirror 21, the intensity of the drive signal
input from horizontal scanning mirror driver 54 to horizontal
scanning mirror 21 1s increased. The deflection angle of hori-
zontal scanning mirror 21 1s adjusted to a prescribed detlec-
tion angle. I the deflection angle cannot be adjusted to the
prescribed deflection angle, then laser driver 32 controls
semiconductor laser 11 to stop emitting the laser beam.

After the deflection angle of horizontal scanning mirror 21
has been adjusted to the prescribed deflection angle, the phase
difference between the signal input from horizontal scanning
mirror driver 54 to horizontal scanning mirror 21 and the
vibration of horizontal scanning mirror 21 1s measured from
the time when the intensity of the laser beam 1s modulated by
modulator 13 and based on the output information of each
detecting element of light detecting element array 32.

Then, vertical scanning mirror driver 55 1nputs a signal to
vertical scanning mirror 22 indicative of the terminal end of
vertical scanning of the laser beam. Detlection angle detect-
ing circuit 56 detects the deflection angle of vertical scanning
mirror 22 from information output by vertical scanning light
detecting elements 34. If the deflection angle of vertical scan-
ning mirror 22 needs to be adjusted, the signal from vertical
scanning mirror driver 35 1s adjusted. After the adjustment,
the scanning movement of vertical scanning mirror 22 1s
started based on the vibration of horizontal scanming mirror
21, and video signal processing circuit 53 controls modulator
13 to modulate the intensity of the laser beam depending on
an 1mage to be projected.

After the image has started to be projected, from the time
when one 1image of an 1image 1s displayed until the time when
the next frame of the image 1s displayed, the deflection angle
of vertical scanning mirror 22 1s detected by vertical scanning
light detecting elements 34. If the deflection angle of vertical
scanning mirror 22 needs to be adjusted, the signal from
vertical scanning mirror driver 55 1s adjusted. Thereaftter, the
orientation of vertical scanning mirror 22 1s fixed 1n orienta-
tion to cause the laser beam to scan light detecting element
array 32, and the deflection angle of horizontal scanning
mirror 21 1s detected. If the deflection angle of horizontal
scanning mirror 21 deviates from the prescribed value, then
the drive signal from horizontal scanning mirror driver 54 1s
adjusted to adjust the deflection angle to the prescribed
deflection angle. At this time, if the deflection angle cannot be
adjusted to the prescribed detlection angle, laser driver 52
stops emitting the laser beam from semiconductor laser 11.

The laser projector according to the present exemplary
embodiment has the same advantages as the second exem-

plary embodiment, and 1s additionally capable of monitoring,
and adjusting the deflection angle of vertical scanming mirror

22.

In the above exemplary embodiment, the vertical scanning,
light detecting elements 34 are disposed centrally 1n the hori-
zontal scanning stroke of the laser beam. However, vertical
scanning light detecting elements 34 may be disposed 1n other
positions. For example, as shown 1n FIG. 13, vertical scan-
ning light detecting elements 34 may be disposed in terminal
ends of the horizontal scanning stroke of the laser beam.
Specifically, in FIG. 13, three vertical scanming light detect-
ing elements 34 are disposed 1n each of two positions at the
terminal ends of the horizontal scanming stroke of the laser
beam. In addition, vertical scanning light detecting elements
34 are disposed along the vertical scanning direction of the
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laser beam so as to cover the lower terminal end of the vertical
scanning stroke of the laser beam.

A laser projector according to a fourth exemplary embodi-
ment of the present invention will be described below. F1G. 14
1s a plan view of a projection opening frame of the laser
projector according to the fourth exemplary embodiment, as
viewed from within the laser projector. The present exem-
plary embodiment 1s different from the third exemplary
embodiment 1n that light detecting element arrays 35, 36 are
patterned along lett and right edges of projection opening 40
in transparent substrate 31.

According to the present exemplary embodiment, as
shown 1n FIG. 14, frame 30 of the laser projector has projec-
tion opening 30 defined therein to enabling the laser beam to
pass therethrough. The laser beam scans scanning area 41
including projection opening 40. Light detecting element
array 32 1s disposed on transparent substrate 31 along an
upper edge of projection opening 40 parallel to the horizontal
scanning direction of the laser beam. A plurality of (three 1n
the 1llustrated embodiment) light detecting elements 34 are
disposed along the vertical scanning direction of the laser
beam centrally on a lower edge of projection opening 40.
Light detecting element arrays 35 are disposed 1n scanning
area 41 on transparent substrate 31 along left and right edges
of projection opening 40. Light detecting element arrays 36
are also disposed on transparent substrate 31 along bound-
aries ol scanning area 41 which extend from the ends of the
horizontal scanning direction of the laser beam. Specifically,
light detecting element arrays 36 are disposed 1n juxtaposed
relation to light detecting element arrays 35, and disposed
outwardly of light detecting element arrays 35 with respect to
projection opening 40.

A system for controlling operation of the laser projector
will be described below with reference to FIG. 9. Deflection
angle detecting circuit 56 detects the detlection angle of hori-
zontal scanning mirror 21 from information output by light
detecting element array 32, and also detects the detlection
angle 1n the vertical scanning direction from information
output by light detecting elements 34. Detlection angle
detecting circuit 56 also detects whether the deflection of
horizontal scanning mirror 21 1s normal or not based on
information output from light detecting element arrays 35,
36. Control circuit 51 acquires detlection angle information
of horizontal scanning mirror 21 and deflection angle infor-
mation of vertical scanning mirror 22 from deflection angle
detecting circuit 56, and controls laser driver 52, video signal
processing circuit 33, horizontal scanning mirror driver 54,
and vertical scanning mirror driver 35. Laser driver 52 selec-
tively turns on and off the laser beam output from semicon-
ductor laser 11, and controls the laser beam so that 1t 1s output
at a constant output level. Video signal processing circuit 53
inputs a signal to modulator 13 which controls the intensity of
the laser beam that 1s to be output to horizontal scannming
mirror 21. Horizontal scanning mirror driver 54 controls the
frequency and intensity of a signal to be input to horizontal
scanning mirror 21. Vertical scanning mirror driver 35 con-
trols the intensity of a signal to be input to vertical scanning
mirror 22.

Operation of the laser projector according to the present
exemplary embodiment will be described below. When the
laser projector starts up, 1t 1s set to cause the laser beam to scan
light detecting element array 32. Specifically, the output sig-
nal from vertical scanning mirror driver 35 1s controlled to fix
the orientation of vertical scanning mirror 22 so as to cause
the laser beam to scan light detecting element array 32.

Then, horizontal scanning mirror driver 54 starts scanning,
the movement of horizontal scanning mirror 21 using the
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intensity of the signal to prevent the deflection angle from
exceeding the predetermined deflection angle even when the
operating frequency of horizontal scanning mirror 21 and the
resonant frequency thereof are brought into conformity with
cach other by horizontal scanning mirror driver 34. Laser
driver 52 controls semiconductor laser 11 to start outputting
the laser beam, and deflection angle detecting circuit 36
detects the deflection angle of horizontal scanning mirror 21
based on boundary information, from the output signal of
light detecting element array 32, as to the boundary between
an element which detects the laser beam and an element
which does not defect the laser beam. While detecting the
deflection angle of horizontal scanning mirror 21, the fre-
quency of the drive signal mput from horizontal scanning
mirror driver 54 to horizontal scanning mirror 21 1s changed.
The dnive frequency i1s adjusted to maximize the deflection
angle of horizontal scanning mirror 21, thereby bringing the
operating frequency into conformity with the resonant fre-
quency.

Furthermore, while detecting the deflection angle of hori-
zontal scanning mirror 21, the intensity of the drive signal
input from horizontal scanning mirror driver 54 to horizontal
scanning mirror 21 1s increased. The deflection angle of hori-
zontal scanning mirror 21 1s adjusted to a prescribed detlec-
tion angle. I the deflection angle cannot be adjusted to the
prescribed deflection angle, then laser driver 52 controls
semiconductor laser 11 to stop emitting the laser beam.

After the deflection angle of horizontal scanning mirror 21
has been adjusted to the prescribed deflection angle, the phase
difference between the signal input from horizontal scanning
mirror driver 34 to horizontal scanning mirror 21 and the
vibration of horizontal scanning mirror 21 1s measured from
the time when the mtensity of the laser beam modulated by
modulator 13 and based on the output information of each
detecting element of light detecting element array 32.

Then, vertical scanning mirror driver 55 inputs a signal to
vertical scanning mirror 22 indicative of the terminal end of
vertical scanning of the laser beam. Detlection angle detect-
ing circuit 56 detects the deflection angle of vertical scanning
mirror 22 from information output by vertical scanming light
detecting elements 34. If the deflection angle of vertical scan-
ning mirror 22 needs to be adjusted, the signal from vertical
scanning mirror driver 53 will be adjusted. After adjustment,
the scanning movement of vertical scanning mirror 22 1s
started based on the vibration of horizontal scanming mirror
21, and video signal processing circuit 53 controls modulator
13 to modulate the intensity of the laser beam depending on
the 1mage to be projected.

After the image has started to be projected, during horizon-
tal blanking periods before and after an 1image 1s output along,
one horizontal scanning line, monitoring occurs to determine
whether or not the deflection angle of horizontal scanning
mirror 21 1s the prescribed detlection angle based on 1nfor-
mation output from light detecting element arrays 35. It the
deflection angle of horizontal scanning mirror 21 1s smaller
than the prescribed deflection, then it 1s further detected
whether or not the laser beam 1s deflected to light detecting
clement arrays 36 based on information output from light
detecting element arrays 36. I the laser beam 1s detected as
being not detlected to light detecting element arrays 36, then
laser driver 52 controls semiconductor laser 11 to stop emiut-
ting the laser beam.

From the time when one frame of an 1mage 1s displayed
until the time when the next frame of the image 1s displayed,
the deflection angle of vertical scanning mirror 22 1s detected
by vertical scanming light detecting elements 34. If the deflec-
tion angle of vertical scanning mirror 22 needs to be adjusted,
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the signal from vertical scanning mirror driver 55 will be
adjusted. Thereafter, the orientation of vertical scanning mir-
ror 22 1s fixed to cause the laser beam to scan light detecting
clement array 32, and the deflection angle of horizontal scan-
ning mirror 21 1s detected. ITthe deflection angle of horizontal
scanning mirror 21 deviates from a prescribed value, then the
drive signal from horizontal scanning mirror driver 34 will be
adjusted to adjust the deflection angle to the prescribed
deflection angle. At this time, 1f the deflection angle cannot be
adjusted to the prescribed deflection angle, laser driver 52 will
stop emitting the laser beam from semiconductor laser 11.
The laser projector according to the present exemplary
embodiment has the same advantages as the third exemplary
em“:)odlment and 1s additionally capable of instantaneously
cutting ofl the laser beam when the detlection angle of the
horizontal scanning mirror becomes abnormal. As vertical
scanning light detecting elements 34 and horizontal scanning
light detecting elements 335, 36, for detecting the laser beam at
the time that images are projected, are fabricated on the same
transparent substrate 31, 1n addition to light detecting element
array 32, the detlection angle of vertical scanning mirror 22
and the deflection angle of horizontal scanning mirror 21, at
the time that images are projected, can be detected without the
need for an increased number of parts.

A laser projector according to a fifth exemplary embodi-
ment of the present invention will be described below. F1G. 15
1s a plan view ol a projection opening frame of the laser
projector according to the fifth exemplary embodiment, as
viewed from within the laser projector.

As shown 1n FIG. 15, the laser projector according to the

present exemplary embodiment has a frame comprising a
metal film such as Cr (chromium) deposited on transparent
substrate 38. The metal film 1s partly etched away to form
projection opening 40 therein. The surface of the metal film
faces outwardly of the laser projector. Light detecting ele-
ment arrays 32, 34, 35, 36 are patterned on the surface of
transparent substrate 38 that is opposite to the surface thereof
on which the metal film 1s disposed, 1n the same manner as
with the fourth embodiment. In other words, the semiconduc-
tor layers of the light detecting element arrays are disposed so
as to face inwardly of the laser projector.
The laser projector according to the present exemplary
embodiment has the same advantages as the fourth exemplary
embodiment, and 1s additionally advantageous 1n that since
transparent substrate 38 1s constructed as a main frame body,
the number of parts used 1s reduced and the parts are posi-
tioned with ease.

According to Patent document 3, the photodetector for
detecting the folding position of the deflected light beam 1s
provided 1n the light detlector, and the resonant frequency of
the deflecting means 1n the light deflector 1s detected by the
photodetector. The photodetector comprises a line sensor
having a plurality of light detecting areas. According to Patent
document 3, however, the line sensor 1s disposed 1n a range
smaller than the range of the deflection angle of the laser
beam to be adjusted, 1.e., 1n a portion of the range of the
deflection angle. While this background art 1s effective to
initially adjust the deflection angle before an 1image starts to
be projected because of the process of detecting the deflection
angle and the process of adjusting the resonant frequency, the
background art 1s difficult to apply to the adjustment of the
deflection angle after an 1mage has started to be projected.
According to the present invention, the light detecting ele-
ment array 1s disposed 1n a range wider than the range of the
deflection angle of the laser beam to be adjusted, making 1t
possible to adjust the deflection angle for each interirame
interval even after an image has started to be projected.
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The present application claims Priority based on Japanese
patent application No. 2006-250324 filed on Sep. 15, 2006,
and incorporates herein all the contents disclosed therein.

The mvention claimed 1s:

1. A laser projector comprising:

a light source for emitting a laser beam;

a modulator for modulating the intensity of the laser beam

depending on an 1mage to be projected;

a vibratory mirror vibratable for horizontally deflecting the

laser beam whose 1ntensity has been modulated;

a vertical scanning mirror for vertically deflecting the laser

beam whose intensity has been modulated;

a deflection angle detector for detecting a detlection angle

of said vibratory mirror; and

a deflection angle adjuster for adjusting the deflection

angle of said vibratory mirror based on the detected
deflection angle of said vibratory mirror;

wherein said deflection angle detector includes a light

detecting element array comprising a plurality of light
detecting elements arrayed parallel to a horizontally
scanning direction along which the laser beam 1s
deflected by said vibratory mirror, said light detecting
clement array being disposed outside of an 1image pro-
jection area, said light detecting element array including
a first light detecting elementregion, at least both ends of
said first light detecting element region disposed outside
of the entire horizontal range scanned by the laser beam
in a horizontal direction, and including a second light
detecting element region disposed 1nside of the entire
horizontal range scanned by the laser beam 1n a horizon-
tal direction.

2. The laser projector according to claim 1, wherein the
light detecting elements of said light detecting element array
are not arrayed at equally spaced intervals.

3. The laser projector according to claim 2, wherein the
light detecting elements of said light detecting element array
are denser at ends of the light detecting element array than at
a center thereof.

4. The laser projector according to claim 3, wherein said
light detecting element array comprises a semiconductor
layer disposed on a transparent substrate.

5. The laser projector according to claim 2, wherein said
light detecting element array comprises a semiconductor
layer disposed on a transparent substrate.

6. The laser projector according to claim 1, wherein said
light detecting element array comprises a semiconductor
layer disposed on a transparent substrate.

7. The laser projector according to claim 1, wherein said
deflection angle adjuster adjusts the frequency and intensity
of a drive signal for said vibratory mirror.

8. The laser projector according to claim 7, wherein said
deflection angle adjuster adjusts the detlection angle of said
vibratory mirror by bringing the frequency of the drive signal
for said vibratory mirror into conformity with the resonant
frequency of the vibratory mirror and thereafter varying the
intensity of the drive signal for said vibratory mirror.

9. The laser projector according to claim 1, wherein when
the deflection angle of said vibratory mirror 1s adjusted, the
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orientation of said vertical scanning mirror 1s fixed to cause
said laser beam to horizontally scan said light detecting ele-
ment array.

10. The laser projector according to claim 1, wherein the
deflection angle of said vibratory mirror 1s detected and
adjusted by said detlection angle adjuster for each vertical
blanking period.

11. A laser projector comprising:

a light source for emitting a laser beam:;

a modulator for modulating the intensity of the laser beam

depending on an 1mage to be projected;

a vibratory mirror vibratable for horizontally deflecting the
laser beam whose 1ntensity has been modulated;

a vertical scanning mirror for vertically detlecting the laser
beam whose intensity has been modulated;

a first detlection angle detector for detecting a deflection
angle of said vibratory mirror;

a first detlection angle adjuster for adjusting the deflection
angle of said vibratory mirror based on the detected
deflection angle of said vibratory mirror;

a second deflection angle detector for detecting a deflection
angle of said vertical scanning mirror; and

a second deflection angle adjuster for adjusting the deflec-
tion angle of said vertical scanning mirror based on the
detected deflection angle of said vertical scanning mir-
IO¥;

wherein said first deflection angle detector includes a first
light detecting element array comprising a plurality of
light detecting elements arrayed parallel to a horizon-
tally scanming direction along which the laser beam 1s
deflected by said vibratory mirror, said first light detect-
ing element array being disposed outside of an image
projection area, said first light detecting element array
including a first light detecting element region, at least
both ends of said first light detecting element region
disposed outside of the entire horizontal range scanned
by the laser beam 1n a horizontal direction, and including
a second light detecting element region disposed inside
of the entire horizontal range scanned by the laser beam
in a horizontal direction, and wherein said second
deflection angle detector includes a plurality of light
detecting elements disposed outside of the 1image pro-
jection area and disposed so as to cover a terminal end of
a vertical scanning stroke of the laser beam.

12. The laser projector according to claim 11, wherein said
first light detecting element array of said first deflection angle
adjuster and said light detecting elements of said second
deflection angle adjuster comprise respective semiconductor
layers disposed on one transparent substrate.

13. The laser projector according to claim 12, wherein a
metal film deposited on said transparent substrate 1s etched to
form a projection opening therein for enabling the laser beam
to pass therethrough.

14. The laser projector according to claim 12, wherein a
metal film deposited on said transparent substrate 1s etched to
form a projection opening therein for enabling the laser beam
to pass therethrough.
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